The existence of tuberculosis in the preColumbian Americas is controversial because the morphology of the lesion is not specific, the organism is culturally nonviable in ancient tissues, and nonpathogenic soil mycobacteria can contaminate buried bodies. We report the recovery of DNA unique to Mycobacterium tuberculosis from a lung lesion of a spontaneously mummified, 1000-year-old adult female body in southern Peru. This provides the most specific evidence possible for the pre-Columbian presence of human tuberculosis in the New World.
Reconstructing evolutionary patterns of infectious diseases such as tuberculosis, malaria, AIDS, and others carries an enormous potential for understanding the nature of our present encounters with these conditions as well as guidance to rational policy decisions for their control. However, our source of knowledge about diseases in ancient populations is limited largely to archaeological findings-principally the bodies themselves. Recognition of infectious diseases in ancient human remains is seriously constrained by the fact that only rarely do such illnesses produce an etiologically specific morphological change in bone or preserved soft tissues. Reliable reconstruction ofinfectious disease patterns in antiquity, then, is dependent upon recovery and identification of the infectious agent directly from the human remains. Unfortunately, modern methods of isolation by culture techniques are ineffective in archaeological tissues (1, 2) . The alternative approach, identification of specific antibodies, has progressed but little beyond the detection of trace quantities of nondiagnostic immunoglobulin G (3) or rare examples of antibody induction. However, it is conceivable that DNA fragments diagnostic of the pathogen persist in a lesion and could be retrievable by the methods of molecular biology. This report documents the recovery of a DNA segment unique to Mycobacterium tuberculosis from the lung of a 1000-year-old spontaneously mummified Peruvian body showing a gross morphology suggestive of primary pulmonary tuberculosis.
We selected tuberculosis as the target disease to test our hypothesis because the pre-Columbian presence of this condition in the New World remains controversial (4-6) because of the ambiguous nature of most direct morphological diagnostic criteria available in the archaeological record. The kyphotic, "hunchback," spinal deformity (Pott's disease) secondary to tuberculous vertebral involvement that typically has been used to identify skeletal tuberculosis in the New World (4) dating to the millennium prior to 1492 (5) can be caused, however, by a variety of fungi such as Coccidioides immitis (7) and other organisms. Demonstration of acid-fast bacilli within a paravertebral abscess in an 800-yearold Peruvian child with Pott's disease made the diagnosis of pre-Columbian tuberculosis in the New World much more probable (8) . However, all species of Mycobacterium (and even those of some other genera such as Nocardia) demonstrate acid-fast staining characteristics. Furthermore, many of the species of Mycobacterium are free-living soil organisms, and one recent observation indicates these can gain access to interred human tissues (9) . While support for the pre-Columbian American existence of tuberculosis is growing, its acceptance is by no means universal and commonly remains characterized by ambivalence (6) .
MATERIALS AND METHODS
Mummified Human Remains. We chose to examine a right hilar lymph node and a lung lesion from a 40-to 45-year-old spontaneously mummified female body. The tomb (Cemetery 1, T-30) from which this body was exhumed was in a burial site (Chiribaya Alta) used by the Chiribaya, an archaeological, largely agricultural population that occupied the lower Osmore Valley near the southern Peruvian coastal community of Ilo about A.D. 1000-1300. A sample of liver tissue yielded a 14C radiocarbon-determined age of 1040 ± 44 years before present (B.P.), corrected for 13C (sample no. GX-18799-AMS; Krueger Enterprises, Cambridge, MA). Skeletal lesions typical of tuberculosis-like pathology have been identified in other skeletons from Chiribaya Alta and other late prehistoric sites (5) . Removal of the chest wall revealed intact, collapsed lungs bilaterally. The left lung and the middle and lower lobes of the right lung were not abnormal. The right upper lobe was diffusely adherent to the chest wall, and a largely calcified, discrete nodule 1.2 cm in diameter was present in a lateral, subpleural position (L in Fig. 1 ). At its point of adhesion to the parietal pleura overlaying the lateral part of the fourth rib, a 1-mm aperture was apparent in the calcified shell, communicating with a central 3-mm diameter cavity within the nodule. In the right hilum, two partly calcified masses, each about 1.5 x 0.8 x 0.5 cm, were found in peribronchial positions (N1 and N2 in Fig. 1 ). No evidence of skeletal change could be identified in the spine, ribs, or elsewhere, and no abnormalities were found in the liver, heart, bowel, skin, trachea, or other soft tissues. After rehydration, fixation, decalcification, and preparation of histologic slides from selected parts of the abnormal areas, the lung lesion revealed only a largely calcified wall whose central, noncalcified area apparently had represented caseous, necrotic tissue but was now occupied only by a fibrous-lined defect. The hilar nodules were acellular, partly anthracotic, peribronchial lymph nodes demonstrating focally calcified, partly fibrotic replacement of node tissue. No acid-fast bacilli were demonstrable in any of the lesions.
DNA Extraction. The DNA was extracted from samples of the lesions as described (10, 11) .
PCR. The extracted DNA was subjected to PCR (12) targeting a segment of DNA unique to Mycobacterium tuberculosis. This target was that described by Eisenach The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
bp called IS6110 (14) , which has been shown to correlate highly with clinically diagnosed tuberculosis (15 Fig. 1 ). However, those results were clouded by the fact that, while the first round of PCR (30 cycles) was negative, a second round of PCR with the same primers yielded a series of bands from 20 bp (primers) on up to as large as 200 bp (data not shown), which would have obscured any M. tuberculosis target of 123 bp. For this paper we reinvestigated the lesions from this individual by using a nested PCR protocol designed to yield a 97-bp product. Nested PCR (18, 19) can greatly reduce background and increase sensitivity. We also employed an internal standard (16) to rule out inhibition of PCR by the DNA extract, and we did PCR amplifications directed at increasingly large DNA targets to determine if the extracted DNA behaved as expected for DNA ofancient origin (19) (20) (21) .
We extracted what remained of the lung nodule (L in Fig.  1 ; sampled previously) and the lymph node (N2 in Fig. 1 ; not sampled previously) and subjected these extracts to the PCR with primers A and B (123 bp of M. tuberculosis target) (13) in the presence of the 205-bp PCR mimic (16 The 97-bp band was ethanol-precipitated from the PCR reaction mixture, and the pellet was digested with Sal I. The Sal I digestion products were then electrophoresed through 4% NuSieve (FMC) in 1x TBE buffer (90 mM Tris/64.6 mM borate/2.5 mM EDTA, pH 8.3). Lanes 1, Sal I digestion of the 97-bp product from N2; 2, empty; 3, standards (same as Fig. 2 ).
of the presence of M. tuberculosis DNA (Fig. 2) . The control extract and other blank reactions were negative. The 97-bp nested PCR target contains a Sal I restriction site that upon Sal I digestion will yield two fragments of 42 and 55 bp (13) . In fact, digestion of the 97-bp product from the nested PCR of N2 did generate the two products (Fig. 3) . Although it is quite clear from these results that the M. tuberculosis target had been amplified, the PCR product was also directly sequenced from both ends by using primers C and D. In both cases the correct partial sequence was found beginning -25 bases downstream of the primer and extending for about 30 bases. A library of the nested PCR reaction was also constructed into pCR-Script (Stratagene), and nine clones were recovered and fully sequenced. The sequences of all but one of the nine clones corresponded exactly to the sequence determined from modem M. tuberculosis DNA as reported by Eisenach et al. (13) . The remaining clone showed a G/C A/T transition at position 87. The extracted DNA from N2 was also subjected to nested PCR directed at amplification of longer M. tuberculosis targets of IS6110. The 232-bp nested target (primers E/F and G/H) was amplified as shown in Fig. 4 , but the longer 836-bp nested target (primers I/F and J/H) did not amplify (Fig. 5) . Long targets are not usually amplified from ancient DNA templates, so the PCR was also done using contemporary M. tuberculosis DNA template, and amplification occurred in the first stage of nested PCR with primers I and F (852-bp segment) as shown in Fig. 6 .
DISCUSSION
The results indicate that the soft-tissue lesions (Fig. 1) were caused by infection with M. tuberculosis, although only N2 was clearly shown to contain the organism's DNA. The bacteria in the other lesions may have ceased to exist before the individual died.
The direct sequencing of PCR-amplified targets from ancient DNA is expected to yield the sequence they possessed at the time of death as shown by Paabo and Wilson (22) . Our partial sequence of the 97-bp nested-PCR target of IS6110, determined by direct sequencing, was identical to that of contemporary M. tuberculosis as reported by Eisenach et al. (13) . In addition, nine clones of the 97-bp nested-PCR product were completely sequenced, and eight of the nine had the contemporary sequence. Thus, it may be concluded that this particular segment of IS6110 has not changed over the last 1000 years. Indeed from contemporary M. (21, 25) . Therefore, it is not particularly surprising that clones of the amplified targets do not vary in sequence from those derived from modern DNA just as Lawlor et al. (21) have also observed.
There is a strong inverse dependence on the efficiency of the PCR amplification and the length of the target, first reported by Piabo et al. (20) and subsequently cited by others as distinguishing evidence that their DNA was of ancient origin (21, 26) . Based on our results, the DNA extracted from the tuberculosis-like lesions was of ancient origin. The 97-bp and 232-bp nested-PCR targets amplified, but the 836-bp nested-PCR target failed to amplify. However, the latter target amplified in the first stage of nested PCR (primer pair I/F, 852 bp) when contemporary M. tuberculosis DNA template was used.
The extraction and identification of DNA unique to M. tuberculosis in lesions from the lung of 1000-year-old human remains from the Americas constitutes the most specific evidence possible for the pre-Columbian presence of human tuberculosis in the New World. Of special interest during the quincentennial of European arrival in America is the opportunity to refine our appreciation of the "Columbian exchange" (27) of diseases between the two worlds.
